The inlet roundness of micro-nozzles can directly influence properties of the liquid jets conducted through them. Obtaining accurate information regarding the inlet roundness of such tiny nozzles, however, is not easy. This is mainly due to the minute dimensions of these nozzles which render most nondestructive examination methods ineffective. In this study, a series of steady-state two-phase computational fluid dynamics simulations is performed to predict the inlet roundness of micro-nozzles used for producing constricted waterjets, i.e., waterjets resulting from a detached nozzle flow. Different micro-nozzles with inlet roundness ranging from r/d = 0 to 0.18 (where r and d are the inlet radius of curvature and the capillary diameter, respectively) were considered to obtain an expression for predicting the nozzle's inlet roundness as a function of its discharge coefficient. It is demonstrated that the discharge coefficient of nozzles conducting a detached flow increases with increasing inlet roundness. The inlet roundness predicted by our expression is in good agreement with the actual roundness determined by sectioning the nozzle and imaging its cross-section. Our expression is believed to be useful for manufacturers and users of capillary micro-nozzles for producing liquid micro-jets.
Introduction
Nozzles are the most widely used devices for accelerating a fluid flow. Some nozzles have complicated geometries and are expensive to make, while others are simple and inexpensive. A simple cylindrical hole in a thin plate separating a pressurized chamber from the atmosphere can serve as a nozzle. Such a nozzle is used in variety of applications and may have diameters ranging from a few micrometers up to several millimeters. Capillary micro-nozzles are preferred in many industries since they are easy to manufacture. These include, but are not limited to, engines and combustion chambers, where good atomization is desired, as opposed to jet cutting and cleaning, where a powerful intact stream is required. In the next sections, we first present an overview of the flow field inside the capillary nozzles used in producing liquid jets with an emphasis on the importance of the nozzle's inlet roundness. We use hydroentangling nozzles as an example of capillary nozzles used for generating high-speed waterjets without restricting the generality of the discussion and/or conclusions. The results presented here can be used for micro-nozzles used in any application where a capillary micronozzle is used, e.g., jet cutting and/or washing, fuel injection and sprayers/atomizers. The objective of this study is to establish a simple nondestructive method for determining the inlet roundness of micro-nozzles.
Flow field inside capillary micro-nozzles
It is well established that nozzle geometry plays a significant role in the formation and stability of the high-speed flows generated via such devices. In the case of nozzles used in generating high-speed liquid jets, Ohrn et al (1991) , Arai (1998), Tamaki et al (1998) , Lin and Reitz (1998) , Ramamurthi and Nandakumar (1999) 
